Spectral and kinetic evidence for reaction of superoxide with compound I of myeloperoxidase.
Superoxide and myeloperoxidase (MPO) are essential for the oxidative killing of bacteria by neutrophils. Previously, we developed a kinetic model to demonstrate that within the confines of neutrophil phagosomes, superoxide should react exclusively with MPO and be converted to hypochlorous acid. The model consists of all known reactions and rate constants for reactions of superoxide, hydrogen peroxide, and chloride ions with MPO, except for the reaction of superoxide with compound I, which could only be estimated. Compound I is a transitory redox intermediate of MPO that is responsible for oxidizing chloride ions to hypochlorous acid. To tackle the challenge of observing the reaction between two transient species, we combined stopped-flow spectrophotometry with pulse radiolysis. Using this technique, we directly observed the reduction of compound I by superoxide. The rate constant for the reaction was determined to be 5.6±0.3×10(6)M(-1)s(-1). This value establishes superoxide as one of the best substrates for compound I. Based on this value, the rate constant for reduction of compound II by superoxide was determined to be 1.2±0.1×10(6)M(-1)s(-1). Within phagosomes, the reduction of compound I by superoxide will compete with the oxidation of chloride ions so that the relative concentrations of these two substrates will affect the yield of hypochlorous acid. Characterization of this reaction confirms that superoxide is a physiological substrate for MPO and that their interactions are central to an important host defense mechanism.